Lengths and angles within the cranial base and vault were measured in cephalometric radiographs of 220 boys and 177 girls ranging in age from 0 to 18 years.
Growth Study.
The present study is based on mixed longitudinal data derived from 1861 radiographs for boys and 1401 radiographs for girls. In this study, the anatomical parts of the cranial base are designated as follows: cranial base (nasion--basion), anterior cranial base (nasion-sella), fronto-ethmoidal segment (nasion-sphenoethmoidale), presphenoid segment (sphenoethmoidalesella), posterior cranial base (sella-basion), basisphenoid segment (sellasphenoccipital),and basioccipital segment (sphenoccipital-basion) . Endocranial points are used in the calvarial area for the vertex and anterior and posterior limits. Moreover, three angles are measured (nasion-sella-basion; sella-nasionpoint A; nasion--sella-posterior nasal spine). Changes with age in the mean values for each dimension are described.
The statistical significance of the observed age changes was tested by linear regression analysis for each variable after dividing the samples into three age groups (0-3,4-6,7-18 years). Contrary to reported findings, both basisphenoid and basioccipital segments increase steadily with age in each sex. The angle sella-nasion-point A decreases until the age of 10 years in boys and 9 years in girls; at older ages there is a tendency to increase with age in each sex.
Craniology has been a focus of interest throughout the history of physical anthropology ; consequently much cranial data have been collected. Growth in the cranial base has been, also, a matter of concern for orthodontists in relation to that of the facial region; some angles in the cranio-facial region have been used 1) Present address: Tokyo University of Agriculture and Technology, Faculty of General Education, Tokyo, Japan 183 Article No.8125 in orthodontic diagnosis, case assessment, and treatment planning.
The morphology of the cranium is the result not only of bone growth but of the integral growth of all its components, namely, brain, meninges or viscera (INMAN, 1934) . The growth data of a particular bone may, therefore, be meaningful when they are considered in the functional matrix of the cranium (Moss et al., 1956 ; Moss and YOUNG, 1961) , and are correlated at least with those of other bony strue-F. OHTSUKI, D. MUKHERIEE, A. B. LEWIS and A. F. ROCHE tures in the cranial region (OHTSUKI, 1977a (OHTSUKI, ,1978 . In this context, concomitant growth data for two or three dimensions in each cranial bone will be more informative than data for one dimension (OH-TSUKI, 1977b , 1980 . These points were used to measure the Endocranial points were used in the calvarial area (S-VX and A-P) because they are, presumably, more closely related to brain size than are ectocranial points,
The statistical significance of the observed age changes was tested by linear regression analysis for each variable after dividing the samples into three age groups (0-3, 4-6, 7-18 years); some changes in growth trend occur about the ages of 3 and 6 years when cessations of growth activity at sutural areas or synchondroses are reported (SCOTT, 1958; COBEN, 1961; OHTSUKI, et al.,1981) . The regession analysis involved testing the significance of the tendency for the slope to differ from zero (no change with age).
RESULTS

Basic descriptive
statistics for the sample by age and sex are given in Tables 1 In the second age group (4-6 years), the level of significance is 0.05 for boys but 0.01 for girls.
In the third age group (7-18 years), a tendency to increase is not statistically significant in either sex. The A-P length also reaches approximate adult size at 7 years of age ; the increments after this age are very small (Tables 1 and 2 ; Fig.   5 ). An increase with age, however, is statistically significant at the 0.01 level in each sex except in the third age group For each age group, the sex differences between the means are small (Tables 1 and 2 ; Fig. 6 ).
DISCUSSION
The craniofacial skeleton can be considered to be composed of two bones: the cranio-maxillary complex and mandible (COBEN,1961) .
Since the cranial base is the junctional region between the cranium and the face, there is interest in the growth of each individual part of the cranial base. SCOTT (1958) suggested that the growth of the cranial base could be studied by dividing it into three segments:
anteriorly, from nasion to foramen caecum;
centrally, from foramen caecum to the pituitary point and posteriorly, from pituitary point to basion. However, these points cannot always be observed or anatomically determined on radiographs.
KNOTT (1969, 1971) , in her studies of serial ,1955 ; GROSSMAN and ZUCKER-MAN, 1955; SCOTT, 1958; and STRAMRUD, 1959) . This bone increases in thickness in the region of N from birth to adulthood (ROCHE,1953 ; BJORK,1955 ; STRAMRUD, 1959) ; most of this increase is accounted for by enlargement of the frontal sinus.
The "bone thickness only" (or the thickness of bone substance in the endocranial and ectocranial plates) during childhood and adolescence is approximately the same as during the first year of life (ROCHE,1953) . After closure of the sphenoethmoid synchondrosis, the presphenoid length(SE'-S) continues to elongate. The mean increment from 7 to 18 years of age is approximately 1mm for males and 0.8mm for females. This increase is statistically significant at the 0.01 level for each sex.
The probable mechanism underlying the increases in SE'-S is repositioning of S (LATHAM,1972) , and, perhaps, apposition on the anterior aspects of the greater wing of the sphenoid.
The present data concerning growth of the posterior cranial base show that mean values for S-BA increase with age. The annual increments between means are larger until 3 years of age than at older ages when the differences between successive means are close to constant, as described by many authors (BRODIE, 1941 (BRODIE, , 1953 GROSSMAN and ZUCKERMAN, 1955; STRAMRUD,1959 ; Fig. 2 ). However, analyses of serial data show pubescent spurts ROCHE,1972,1974 ; ROCHE and LEWIS, 1974) . drosis is observed in this study as reported by BRODIE (1941 BRODIE ( ,1953 , STRAMRUD (1959) , LEWIS and ROCHE (1972 ,1974 ), and ROCHE and LEWIS (1974 . Nevertheless, increases are not detected from 15 to 22 years in cross-sectional data (KOSKI, 1960 Once an area of the synchondrosis is closed no further growth can take place at this site (PRICHARD, SCOTT and GIRGIS, 1956 ). The length of the posterior cranial base, however, increases slowly, but constantly, until early adulthood (17 years) in this study as well as other serial analyses of data from The Fels Longitudinal Study ROCHE, 1972, 1974; ROCHE and LEwIS,1974 The cranial base is a site of adjustment in growth between the neuro-and the viscero-crania (BJORK, 1955; SCOTT, 1958; FORD, 1958 and BRODIE,1949 ; BRODIE, JR., 1955 ; GROSS-MAN and ZUCKERMAN, 1955 ; OCHI, et al., 1974; LEW IS and ROCHE,1977 and GEORGE, 1978 The distribution of the angle S-N-A in patients and normal persons has been investigated (DOWNS , 1948 (DOWNS , ,1952 WALKER and KOWALSKI, 1972a, b) . A mean value of 81 degrees (78*-84*) was found in persons with clinically "excellent occlusions" aged from 12 to 17 years and equally divided with respect to sex (DOWNS, 1948) . In data from children and young adults also with normal dental occlusion, little sexual dimorphism is evident and there is a slight but definite tendency for this angle to increase with age. Results from other authors are in general agreement with these findings (STEINER, 1953 (STEINER, , 1959 WALKER et a1.,1971 ,1973 , J.aRVINEN,1980 . In cephalometric analyses, NSL is frequently applied as the reference line for the anterior cranial base (BRODIE,1941 ; BJoRK, 1947 BJoRK, , 1955 LINDEGXRD, 1953, and RICKETTS,1955) . The use of this line is, however, arbitrary as it is well known that there are no fixed points or areas in the cranium during growth (BAUME,1957) .
Changes in angular relationships, that may be caused by the different growth rates and directions of growth among cranio-facial linear dimensions, are apparent in the present data. The angle N-S-BA tends to decrease gradually subsequent to the initial decreases after birth and angle N-S-PNS increases throughout the age range studied.
There are two phases in the growth changes observed in the angle S-N-A: a period of decrease until pubescence, followed by a period of increase. , 1972 , 1974 ROCHE and LEwIs, 1974) .
Although many cranial data have been accumulated thus far, the cranio-facial region will still remain a topic of great concern for physical anthropologists and orthodontists. The present study, which is based on mixed longitudinal data from a large sample, will provide a better understanding of growth in the cranial base and cranial vault; studies of changes of growth patterns in the cranial region for individuals will be brought into focus.
The data may be used later to predict some dimensions and angles in the craniofacial region that will be helpful to clinicians.
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